We introduce an automated approach for applying rare event simulation to stochastic Petri net (SPN) models of highly reliable Markovian systems (HRMS). In particular, we are interested in the event of reaching a rare set of goal states (e.g., system failure) before reaching a specific set of typical states (e.g., all components working). The state space of an HRMS model of a realistic system will typically be very large, but we assume that it is specified using the high-level modelling formalism of SPNs. This allows us to perform Monte Carlo simulation at the SPN-level. However, since our event of interest is rare we would need to use a prohibitively large number of samples using standard simulation. Hence, we use the efficient simulation technique of importance sampling.
If the HRMS model satisfies certain conditions (no high-probability cycles, all states being assigned an integer-valued distance), then the distances can be used to construct an importance sampling estimator that has the desirable property of bounded relative error, and this can be done in an automated manner. See [1] or [2] for a more detailed discussion of the algorithm. 2 In the future, we hope to relax the method's assumptions and extend it to queueing/population models (e.g., models in which the event of interest is rare due to a large number of failure transitions that needs to be taken).
